The present paper aims to investigate water purification of phenol by walnut green hull adsorbent.
INTRODUCTION
Phenol compounds are harmful to plants, animals and humans, even at low concentrations. They are among the most prevalent forms of organic chemical pollutants in industrial wastewaters (Busca et al. ) . Phenol compounds are include electrostatic forces, ion change, dipole-dipole interactions, covalent bonding and water bridging (Pigatto et al. ) . In the present study, walnut green hull as an adsorbent prepared from agricultural wastes is considered to be an effective method for the removal of phenol from water solutions because of its large surface area, micro-porous nature, high adsorption capacity, high purity and easy availability. Also it has a porous structure consisting of a network of interconnected macropores, mesopores and micropores that provide good capacity for the adsorption of organic compounds from water solutions. The walnut green hull has no significant commercial and industrial use, and contributes to a reduction of serious environmental problems (Sprynskyy et 
MATERIALS AND METHODS

Preparation of adsorbent
Walnut green hull was obtained from a food factory and was dried in an air oven at 65 W C for a period of 48 h. Walnut green hull was soaked in acetone solution to remove green dye for 48 h. It was washed several times with distilled water to remove surface impurities. To increase the active surface of the adsorbent, it was mixed with 1% HCl for 24 h. Materials were then filtered, washed with distilled water, dried in an oven at 75 W C for a period of 24 h and sieved before use.
Adsorbent characterization
A scanning electron microscope (SEM) (Jeol Model Jsm-T330) was applied to study the morphological details of the adsorbent. It was used to observe the walnut green hull before and after adsorption by ESEM-FEG/GSED-Philips.
Infrared spectra (Perkin-Elmer 1600 series Fourier transform infra-red (FTIR)) of adsorbent samples were measured in a wavenumber range between 400 and 4,000 cm -1 via powdered samples that encapsulated with KBr to prepare translucent sample disks. The powder X-ray diffraction (XRD) technique using Panalytical 3040/60 X' Pert PRO with a Cu Kα radiation source over a range of 10-120 at a 
Adsorption studies
Batch experiments were carried out in a cylindrical glass reactor (containing a volume of 10 mL in each case) with a magnetic stirrer using a constant speed of 120 rpm. Desired Each experiment was conducted three times.
RESULTS AND DISCUSSION
The 
The ionic fraction of phenolate ion can be calculated from: Figure 4 | Effect of the solution pH in the adsorption of phenol onto walnut green hull 
where C e is the equilibrium concentration of adsorbate in solution (mg L Also, ε can be obtained using the following equation:
where R is the universal gas constant (8.314 kJ/kmol. W K) and
is the absolute temperature. The mean free energy of adsorption (E) can be written as:
If the value of E is between 8 and 16 kJ mol -1 , the adsorption process is chemical and if it is less than 8 kJ mol -1 , the adsorption process is physical (Behnamfard & Salarirad ) . For the adsorption of phenol onto walnut green hull, the value of E was 10 kJ mol -1 , which indicates that the mechanism of phenol adsorption on adsorbent is chemical. The dimensionless separation factor (R L ) can describe the essential characteristics of the Langmuir isotherm that is presented in the following equation. The value of R L describes the adsorption characteristics as shown in Table 2 : 
The value of R L calculated for phenol was 0.3; therefore adsorption of phenol onto walnut green hull is favorable. It was found that the Langmuir isotherm model fitted best the equilibrium data and was applicable with a maximum monolayer adsorption capacity of 17.8 mg g -1
. It is the most common isotherm equation to use, due to its simplicity and its ability to fit a variety of adsorption data. It is based on four assumptions:
1. All of the adsorption sites are equivalent and each site can only accommodate one molecule.
2. The surface is energetically homogeneous and adsorbed molecules do not interact.
3. There are no phase transitions.
4. At the maximum adsorption, only a monolayer is formed.
Adsorption only occurs on localized sites on the surface, not with other adsorbents.
The linearized adsorption isotherms are shown in Figure 5 . Table 3 shows the parameters of the Langmuir, Freundlich, Temkin and D-R isotherm models. 
The kinetic study of phenol uptake by walnut green hull for different contact times was carried out using kinetic models such as the pseudo-first order, pseudo-second order, Elovich and intra-particle diffusion. The linear plots of the adsorption kinetics are shown in Figure 6 . The linear plots for the adsorption kinetics of pseudo-first order, pseudo-second order, Elovich and intra-particle diffusion have been obtained using the following equations:
log q e À q t ð Þ¼log q e À k 1 2:303 t (9)
where q e (mg g -1 ) and q t refer to the amounts of adsorption at the equilibrium and any time t (min) respectively, k 1 (min initial adsorption rate, h 0 (mg g -1 min -1 ) is determined as the following:
The parameter of α (mg g.min -1 ) is the initial adsorption rate, and β (g mg -1 ) is the rate desorption constant that can be calculated from the intercept and slope of the linear plot of q t versus ln t respectively; k d (mg g -1 min -1/2 ) is the intraparticle diffusion rate constant (mg g -1 min -1/2 ) that can be obtained from the slope of the linear plot q t versus t 1/2 and I is a constant that gives an indication about the thickness of the boundary layer. The parameters of kinetic models are presented in Table 4 . A small difference between q e,exp and q e,cal , and also the R 2 value for all the experimental concentrations close to 1 indicated that the pseudo-second order model is the most suitable for phenol adsorption onto walnut green hull. Therefore, it can be stated that the rate of adsorption follows second-order chemisorptions and this model considers the rate limiting step as the formation of a chemisorptive bond involving sharing or exchange of electrons between the sorbate and the sorbent. Also, according to Table 4 , the initial adsorption rate (h 0 ) increased with increasing initial phenol concentration, while the rate constant of adsorption (k 2 ) decreased.
The intra-particle diffusion model is to elucidate the diffusion mechanism. In many adsorption processes, an intraparticle diffusion model is the rate limiting step (if the plot of q t versus t 1/2 is a straight line). Also, according to this model, if multi linear plots involve various steps, then two or more steps influence the adsorption process. In the present study, all the plots present multi-linearity, an initial curved portion (the faster adsorption stage of the curve may be considered as an external surface adsorption) is followed by a gradual adsorption (where the intra-particle diffusion is rate-controlled), and a plateau (intra-particle diffusion starts to slow down due to the extremely low adsorbate concentrations in the solution) (Aksu & Tunç ) .
CONCLUSIONS
In this study, for an equilibrium isotherm and kinetic fitting of phenol adsorption experimental data onto the walnut green hull adsorbent, linear regression analysis was carried out. It was found that the Langmuir isotherm model fitted the equilibrium data best, and a maximum adsorption capacity of 17.8 mg g -1 was obtained. Also, a correlation coefficient greater than 0.99 indicated the applicability of a pseudo-second order adsorption model for phenol adsorption onto walnut green hull. The functional groups involved in adsorption of phenol onto walnut green hull included OH, C-O, C-H and C ¼ O. Intra-particle diffusion is not the sole rate controlling factor, and the process may be controlled by external surface adsorption and intra-particle diffusion. The investigation shows a favorable adsorption site for phenol on the surface of walnut green hull, and shows that walnut green hull is a promising adsorbent for the removal of phenol from aqueous solutions. 
